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As expected, the addition of sorbic acid allowed to
maintain S. algeriensis biomass in the end of fermentation
at an appreciable level in comparison to control. More
over, the PR11 production was observed at the end of the
idiophase, in agreement with previous studies that have
shown for all S. algeriensis synthesized dithiolopyrrolones
(common or PDB induced) an optimal production in the
biomass decline phase (Lamari et al. 2002a; Bouras et al.
2008; Merrouche et al. 2011).
Isolation and purification of the new antibiotic
Fifteen litres of the culture broth was extracted by
dichloromethane and the yellow organic phase was con
centrated to dryness. Through semi preparative HPLC,
the compound PR11 was repetitively recovered than
finally purified after two successive reinjections in the
HPLC system. This new induced compound, which did
not correspond to known dithiolopyrrolones with respect
to retention time, was effectively identified as a new dithi
olopyrrolone derivative according to its spectral character
istics.
Characterization of induced antibiotic PR11
The UV visible spectrum of the induced compound PR11
showed three absorption maxima at 207, 307 and
392 nm. The EIMS spectrum analysis showed a molecular
weight of M = 284 (Fig. S1) and a prominent fragment
ion of m/z 186. This fragment indicated the presence of
an extra methyl group on the heterocyclic ring that corre
spond to a pyrrothin group of dithiolopyrrolone class as
previously reported for other dithiolopyrrolones (McIner





(I) Dithiolopyrrolones produced in both complex ISP2 and semi-synthetic media
(II) PDB-induced dithiolopyrrolones insemi-synthetic medium





















*Mass spectrum-based putatively determined structure.






















Figure 1 Dithiolopyrrolones produced by Sacharothrix algeriensis NRRL B 24137.
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Figure 2 Effect of sorbic acid addition on dithiolopyrrolones produced by Saccharothrix algeriensis NRRL B 24137 under a long fermentation con
dition. (a) Compounds produced in standard conditions (basal SS medium). (b) Compounds produced after addition of sorbic acid to the SS med
ium. (c) Final purification of compound PR11. The HPLC analysis was done at an UV detection of 390 nm of 11 days old crude culture from S.
algeriensis. The produced dithiolopyrrolones with corresponding retention times (min) were as follows: THL, Thiolutine (12"50); CRP, Crotonyl
pyrrothine (14"02); ISP, Iso butyryl pyrrothine (16"80); BUP, Butanoyl pyrrothine (17"60); TIP, Tigloyl pyrrothine (18"60); SEP, Senecioyl pyrrothine




Saccharothrix algeriensis NRRL B 24137 (Zitouni et al.
2004) was cultivated at 4°C on slants of International
Streptomyces Project 2 (ISP2) medium containing glucose
4"0 g, malt extract 10"0 g, yeast extract 4"0 g and agar
18"0 g in 1 l distilled water. The pH of the medium was
adjusted to 7"0 with 2 mol l!1 NaOH solution before
autoclaving at 120°C for 20 min.
Fermentation conditions
A mature slant culture of the strain S. algeriensis NRRL
B 24137 was inoculated into 500 ml Erlenmeyer flasks
each containing 100 ml of a basal semi synthetic (SS)
medium consisting of glucose 10"0 g, (NH4)2SO4 2"0 g,
NaCl 2"0 g, KH2PO4 0"5 g, K2HPO4 1"0 g, MgSO4"7H2O
0"2 g, CaCO3 5"0 g and yeast extract 2"0 g in 1 l distilled
water. The pH of the medium was adjusted to 7"0 using a
2 mol l!1 NaOH solution prior to autoclaving. The sor
bic acid was then aseptically added as precursor at a con
centration of 5 9 10!3 mol to the medium prior to
inoculation. Concomitantly, a control (SS medium with
out sorbic acid) was also carried out. The cultures were
incubated on a rotary shaker (240 rev min!1) at 30°C for
14 days.
Kinetics of biomass and PR11 production
The changes in biomass were evaluated by assessing the
dry cell weights (DCWs) of mycelium obtained during
the time course (14 days) of strain fermentation on SS
medium supplemented with 5 9 10!3 mol sorbic acid or
without supplementation (control). DCWs were deter
mined as previously described by Bouras et al. (2006a)
and expressed as gram per litre. Concurrently, the quan
tification of the induced PR11 dithiolopyrrolone was per
formed daily (in triplicate) using a thiolutin standard
calibration curve (thiolutin molar extinction coefficient is
nearly the same for all fractions) (Lamari et al. 2002a;
Bouras et al. 2006a).
HPLC analysis of dithiolopyrrolones
After centrifuging the samples, the culture supernatant
was extracted with an equal volume of dichloromethane.
The organic phase was collected and dried with anhy
drous sodium sulphate. The extract was concentrated to
dryness under vacuum rotary evaporator, dissolved in
1 ml of methanol and kept as crude extract. The analysis
of dithiolopyrrolones in the SS medium with or without
sorbic acid was carried out by a HPLC system equipped
with a C18 reverse phase column (Uptisphere UP5ODB,
150 9 4"6 mm; BioTek Instruments, Milan, Italy). The
samples were analysed as described by Lamari et al.
(2002b) and Bouras et al. (2006a). Briefly, the formation
of dithiolopyrrolones was monitored by comparison of
the peak retention times and UV spectra with those of
known dithiolopyrrolone standards. Appearing dithi
olopyrrolone products could be easily detected by HPLC
analysis due to their intense absorption at 390 nm
(Lamari et al. 2002b). Concurrently, the antimicrobial
activity corresponding to each fraction was monitored
using the well method (10 mm well filled with 0"2 ml of
each fraction and activity checked towards Bacillus subtilis
ATCC 6633 and Umbelopsis ramanniana NRRL1829.
These two target micro organisms were selected as repre
sentative of bacteria and filamentous fungi with regard to
their sensitivity.
Purification of new dithiolopyrrolone antibiotic
The fermentation procedure was repeated to obtain a
total of 15 l of culture broth. This culture was centrifuged
and filtered to remove mycelium. The culture filtrate was
extracted with an equal volume of dichloromethane, and
the organic layer was dried with anhydrous sodium sul
phate, and then concentrated under vacuum to generate a
crude extract. The latter was subjected to semi preparative
HPLC purification on a Waters system using a C18
Table 1 Minimum inhibitory concentrations (MIC) of the new dithi
olopyrrolone antibiotic PR11 produced by Saccharothrix algeriensis
Test organism
MIC (µg ml 1)*
Bacillus subtilis (ATCC 6633) 25
Bacillus coagulans (CIP 6625) 25
Listeria monocytogenes (CIP 82110) 13
Micrococcus luteus (ATCC 9314) 95
Staphylococcus aureus (CIP 7625) >100
Agrobacterium tumefaciens (2410 LB) >100
Escherichia coli (ATCC 10536) >100
Klebsiella pneumoniae (CIP 82"91) >100
Salmonella enterica (CIP 81"3) >100
Pseudomonas aeruginosa (CIPA22) >100
Aspergillus carbonarius (M333) 3
Fusarium oxysporum f. sp. lini (Foln 3) 70
Fusarium moniliforme (FM1) 6
Fusarium equiseti (FE1) 40
Fusarium culmorum (FC1) 40
Fusarium graminearum (FG1) 40
Umbelopsis ramanniana (NRRL 1829) 13
Penicillium expansum (PE1) 50
Candida albicans (IPA 200) 3
Saccharomyces cerevisiae (ATCC 4226) 10
*Values confirmed by two successive experiments, each conduced
with two replicates.
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Supporting Information
Additional Supporting Information may be found in the
online version of this article:
Figure S1. Electron impact mass spectrum (EIMS) of
the antibiotic PR11.
